Rheumatoid arthritis is a systemic autoimmune inflammatory disease which treatment remains a challenge, due to adverse effects caused by conventional medicines. The study assesses the effects of aqueous extract of Tapinanthus globiferus leaves on complete Freund's adjuvant (CFA)-induced rheumatoid arthritis in rat. Rheumatoid arthritis was induced by inoculation of 0.1 mL of CFA under the plantar aponeurosis of rat. Animals were daily treated for 10 days with distilled water (10 mL/kg), sodium diclofenac (5 mg/kg) and aqueous extract of T. globiferus at doses of 50, 100 and 200 mg/kg. Healthy animals received distilled water (10 mL/kg). The volume of edema of the hind paw was measured using a plethysmometer. At the end of the treatment the animals were sacrificed, blood was collected for hematological and biochemical analyses. Some organs such as liver, kidney and tibiotarsal joint were used for biochemical and histological analyses. The administration of the aqueous extract of T. globiferus to diseased rats significantly alleviated physiological impairement by reducing of paw volume (p < 0.001), protecting animals from anemia (p < 0.001), leukocytosis (p < 0.001), transaminases activity increasing (p < 0.001), alkaline phosphatase (p < 0.01) and hypercreatininemia (p < 0.001). The plant extract has improved the antioxidant status of animals (p < 0.001) and the architectural organisation at joint level. The beneficial effects generated by the aqueous extract of T. globiferus leaves against the physiological dysfunctions caused by CFA justify its current use in the traditional treatment of rheumatoid arthritis.
INTRODUCTION
Rheumatoid arthritis (RA) is one of the commonest chronic and inflammatory autoimmune disorders, characterized by swelling of synovium of joints, with destruction of articular structures [1] . The global prevalence of RA is approximately 1% in worldwide population and women seem to be more sensitive than men [2] . The cause of RA is poorly known; however, initiation of disease could result from interaction among genetic susceptibility, environmental triggers and chance [3] . The disease is characterized by dysregulated inflammatory processes in the synovium of the joint that could lead to the damage of both cartilage and bone often resulting in motor disabilities [4] . RA is associated to a significant reduction in health-related quality of life and imposes a substantial economic burden to affected people, due to both increased cost of medical care and loss or reduction of employment for workers [5] [6] [7] . Conventional medicine to prevent clinical signs or progression of the disease consist of non-steroidal anti-inflammatory drugs, corticosteroids, biological therapies, immunosuppressive therapies and Disease Modifying AntiRheumatic Drugs (DMARDs) are commonly used; but side effects occurrence causes earlier treatment interruption that motive population to target natural products for relieving their illnesses. Preceding research asserted that people from developing countries mainly use natural resource for their healthcare needs, either for their efficiency, accessibility, affordability or sometimes their low toxicity [8] .
Moreover, medicinal plants have been used for the treatment of several human diseases over the century and have been the source of some modern drugs [9] . Recent research has focused on natural plant product as alternatives to the existing drugs for disease remedy in developing countries [10] . The valorization of natural resources used for treatment could be pipeline to manage healthcare. Tapinanthus globiferus (T. globiferus) (Loranthaceae) is traditionally used against inflammatory diseases, malaria, bacterial infections, ulcers, headaches, diabetes mellitus, stroke, stomach problems, and seizures [11] .
Previous studies have also demonstrated the antioxidant and nephroprotective properties of T. globiferus [12, 13] . In our knowledge, there is no scientic study on the anti-inflammatory activity of T. globiferus aqueous extract. The present study aims to evaluate effects of the aqueous extract of T. globiferus leaves in the complete Freund's adjuvant-induced arthritis in rat.
MATERIAL AND METHODS

Preparation of plant extract and phytochemical screening
The entire plant Tapinanthus globiferus (T. globiferus) (A. Rich.) Van Tiegh was harvested from Persea americana (avocado) in September 2017 in Yaounde, Centre Region-Cameroon and was authenticated by a botanist, Mr Nana Victor, at the National Herbarium of Cameroon in comparison with a voucher specimen deposited under N o 24672/SRFcam. Fresh leaves were collected from T. globiferus branches, dried in shade and crushed. The decoction was carried out by boiling 500 g of plant powdered in 5 L of distilled water for 20 minutes, following the healer instructions, then cooled at room temperature for 30 minutes. The mixture was filtered and the filtrate was lyophilised (yield approximately 17.53% w/w) then kept at room temperature until use. Phytochemical screening of extract was carried out according to standardized protocols in order to investigate the presence of some compounds such as flavonoids, saponins, tannins, phenols [14] , steroids [15] , triterpenes [16] , glucosides, anthocyanins and alkaloids [17] .
Animals
Three months old female Wistar rats weighing 170-190 g were used for the study. They were bred in the Animal House of the Faculty of Science, University of Yaounde I. Animals were reared in standard cages, at room temperature of 22 ± 2 °C on a 12 h light-dark natural cycle. Food and water were given ad libitum throughout the experiment. All experiments were carried out with approval of Institutional Ethical Committee, which adopted all procedures recommended by the European Union on the protection of animals used for scientific proposes (CEE Council 86/609; Ref N° FWA-IRD 0001954).
Acute oral toxicity study
Eight healthy female Wistar rats were subjected to acute oral toxicity studies using OECD (2001) guideline-423 [18] with slight modifications. Animals were fasted for 12 h, provided only with water. The aqueous extract of Tapinanthus globiferus was orally administered at single dose of 5000 mg/kg body weight to four animals, the four others receiving distilled water at 10 mL/kg. Then, animals were observed continuously for behavioural and autonomic profiles for 2 h and for any signs of toxicity or mortality up to 14 days.
Induction of rheumatoid arthritis in rats
Rheumatoid arthritis was induced by injection of single volume (0.1 mL) of complete Freund's adjuvant (CFA) (Sigma) under subplantar of the left hind paw of animal according to the protocol described by Fehrenbacher et al. [19] .
Assessment of the effects of T. globiferuson CFA-induced arthritic in rat
Thirty (30) healthy femaleWistar rats were used for the study. Rheumatoid arthritis was induced in 25 animals whereas 5 was kept unharmed and constituted normal control. After CFA injection, the animals were kept under breeding conditions for 8 days during which the arthritis development was followed as described by Young et al. [20] with slight modifications. On day 9, the animals were randomly divided into five groups of five animals each and treated as follow: group I (Normal control), without CFA injection receiving distilled water (10 mL/kg); group II (CFA-control), animal with arthritis and treated with distilled (10 mL/kg), group III (diclofenac control), animal with arthritis receiving sodium diclofenac (5 mg/kg) as reference drug; group IV, V and VI (test groups) consisted of animal with arthritis and treated with 50, 100 and 200 mg/kg plant extract respectively. The extract dose has been given through the healer instructions. A single daily dose was orally administered for 10 days and the measurements of the edema of hind paw were recorded on days 0, 5, 9, 12, 15 and 18 post CFA injection using plethysmometer-Ugo-Basile 7141 apparatus (USA). Day zero (D0) was considered as the baseline of CFA injection.
The percentage of increase in paw edema was determined according to the following formula: % increase in paw oedema = (Tt− T0/T0) × 100.
Where, T0 is the mean of paw thickness at day 0 and Tt is the mean of paw thickness at a given time. The results were statistically compared to the CFA-control group.
Evaluation of the effects of aqueous extract of T. globiferus on physiological changes in animal
At the end of the experiment, animals were fasted for12 hours then, anesthetized using ketamin (30 mg/kg) and diazepam (10 mg/kg) then sacrified. Blood was collected through carotid artery in EDTA tubes for haematological analysis and in dry tubes which was centrifuged at 3000 rpm at 4°C for 15 minutes. The serum was collected and stored at -20°C for biochemical analysis. The liver, kidneys and tibiotarsal joint were removed and weighed. Portions of 0.4 g of liver and kidney were homogenized into 2 mL of Tris-HCl buffer (50 mM, pH = 7.4) and the joint into 2 mL of PBS (0.1 M, pH = 7.4) and then centrifuged at 3000 rpm at 4°C for 25 minutes. The supernatant obtained was stored at -20°C for the determination of some markers of oxidative stress.The tibiotarsal joint was fixed in 10% formalin for histological analysis.
Hematological and biochemical assessement
Some hematological parameters analysis such as red blood cells (RBC) count, white blood cells (WBC) count, platelets (PLT) count, haemoglobin (HGB) level and leucocytes species (lymphocytes (LYM), granulocytes (GRA) and monocytes (MON)) were done with total blood using the hematometer type "Hospitex Diagnostics Hema Screen 18". Biochemical analyses were focused on the total proteins according to the protocol of Gornall et al. [21] , creatinine, alkaline phosphatase (APL), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) level according to the protocols provided by Fortress Diagnostics commercial kits (UK). The supernatant collected from organ was used to investigate catalase [22] , superoxide dismutase SOD [23] , malondialdehyde (MDA) [24] , and reduced glutathione (GSH) [25] .
Histopathological analysis of tibiotarsal joint
The knee joints of the left hind legs were removed from the rats for histological analysis. The joints were fixed into 10% formalin, decalcified intoTris-EDTA solution for 24 days, and then embedded in paraffin. Serial paraffin sections at 5 μm were stained with hematoxylin and eosin (HE) for examination under light microscopy brand Olympus.
Statistical analysis
The results were expressed as mean ± standard deviation (SD). The stastistical analyses were performed using the Analysis Of Variance (ANOVA), followed by the Tukey post test using GraphPad Prism version 7.00 software. Values were considered significant for p < 0.05.
RESULTS AND DISCUSSION
Phytochemical screening of the aqueous extract of Tapinanthus globiferus
Qualitative phytochemical analysis of the aqueous extract of Tapinanthus globiferus leaves revealed the presence of alkaloids, flavonoids, polyphenols, tannins, steroids and saponins. Anthocyanins, triterpenes and glycosides were absent.
Acute oral toxicity studies
No toxicity signs or death were recorded with the extract plant administration, indicating that the oral lethal dose-50 (LD50) of the aqueous extract of Tapinanthus globiferus was greater than 5000 mg/kg. Each point represents the mean ± SD, 5 ≤ n ≤ 25 from D0 to D9 and n = 5 after D9; # p < 0.05; ### p < 0.001: significant difference compared to normal control; **p < 0.01; ***p < 0.001: significant difference compared to CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthritic rats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic rats treated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg.
Effects of aqueous extract of T. globiferus on paw edema of animals
Effects of the aqueous extract of T. globiferus in some hematological parameters in arthritic rats
The effects of aqueous extract of T. globiferus on some hematological parameters were summarized in Table I Each bar represents the mean ± SD, n = 5; ### p < 0.001: significant difference compared to the normal control; *** p < 0.001: significant difference compared to the CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthritic rats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic rats treated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg.
Effects of aqueous extract of T. globiferus on transaminase activities in CFA-induced arthritis in rats
The effects of aqueous extract of T. globiferus on transaminase activity (ALT and AST) into the animals with arthritis are presented in Figure  3 . It was observed that animals receiving a single dose of CFA and untreated showed a significant increase of the AST and ALT activity by 25.13% and 65.78% (p ˂ 0.001) respectively compared to the normal control. In comparison to the CFA control, the daily administration of the aqueous extract of T. globiferus leaves (50, 100 and 200 mg/kg) and sodium diclofenac (5 mg/kg) for 10 days led to a significant decrease in the activity of those enzymes by 46.96%, 36. Each bar represents the mean ± SD, n = 5; ### p < 0.001 = significant difference compared to the normal control; ***p < 0.001: significant difference compared to CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthritic rats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic ratstreated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg.
Effects of aqueous extract of T. globiferus in the alkaline phosphatase (APL) activity in rat
The induction of rheumatoid arthritis by CFA-injection in paw hind of animals resulted after 18 days to a significant increase in APL activity by 40.59% (p ˂ 0.01) in the CFA control compared to the normal control ( Figure 4) . The daily administration of the aqueous extract of T. globiferus leaves (50 mg/kg) and sodium diclofenac (5 mg/kg) induced in animals a significant decrease in the activity of the enzyme respectively by 22.38% (p ˂ 0.01) and 19.10% (p ˂ 0.05) in comparison to the CFA control. There was a non-significant decrease in ALP activity at the doses of 100-200 mg/kg of the plant extract. Each bar represents the mean ± SD, n = 5; ## p < 0.01: significant difference compared to normal control; *p < 0.05; **p < 0.01: significant difference compared to CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthritic rats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic rats treated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg.
Effects of aqueous extract of T. globiferus leaves on some oxidative stress parameters in CFA-induced arthritis in rats
The effects of T. globiferus leaves extract on some oxidative stress parameters in CFA-induced arthritis in rats are summarized in Figure  5 . A single dose injection of CFA into the paw hind of animals induced after 18 days a significant decrease of catalase activity by 39.50% Each bar represents the mean ± SD, n = 5; ## p < 0.01; ### p < 0.001: significant difference compared to normal control; *p < 0.05; **p < 0.01: significant difference compared to CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthriticrats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic rats treated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg.
Effects of aqueous extract of T. globiferus on protein concentration in animal with arthritis
In the CFA control, a significant increase of total serum protein by 24.56% (p ˂ 0.001) was observed compared to normal control ( Figure  6 ). The administration of the aqueous extract of T. globiferus at the doses of 50 and 100 mg/kg induced a significant decrease in the serum protein levels (p ˂ 0.01) in comparison to the CFA control. A significant increase in total protein levels by 16.69% (p ˂ 0.01) and 31.28% (p ˂ 0.01) was observed in the liver and kidney respectively, in CFA control in comparison to the normal control. The treatment of arthritic animals with plant extract has provoked a significant decrease of total protein (p < 0.01) in the liver at the dose of 50 mg/kg and in the kidney (p < 0.05) at the dose of 200 mg/kg compared to the CFA control. A significant decrease of proteins by 13.23% (p <0.05) in serum, 12.07% (p ˂ 0.05) in the liver and 39.29% (p ˂ 0.001) in the kidney was recorded in diclofenac control compared to the CFA control. No significant changes in serum total protein and in liver and kidney protein levels was observed between the animals treated with the extract (50 mg/kg) and the normal control group. Each bar represents the mean ± SD, n = 5; ## p < 0.01; ### p < 0.001: significant difference compared to normal control; *p < 0.05; **p < 0.01: significant difference compared to CFA control; Normal control = healthy female rats treated with distilled water; CFA control = female arthritic rats treated with distilled water; Diclofenac control = female arthritic rats treated with sodium diclofenac (5 mg/kg); AETG 50, 100 and 200 = female arthritic rats treated with aqueous extract of T. globiferus at the respective doses of 50, 100 and 200 mg/kg. 
Effects of T. globiferus aqueous extract on histological changes in tibiotarsal joint
DISCUSSION
The present study aimed to evaluate the anti-arthritic effects of the aqueous extract of Tapinanthus globiferus leaves in the CFA-induced rheumatoid arthritis (RA) in Wistar female rat. The CFA induction model is characterized by an inflammation involving complexe systemic changes resulting in a synovial inflammation and joint damage, which are some common clinical signs associated to sustain the increase in posterior paw volume of animals as observed in the study. This pathological condition include an excessive production of pro-inflammatory and inflammatory mediators that increase vascular permeability [26, 27] and release an important reactive oxygen species [28, 29] . The significant decrease in paw volume of animal after Tapinanthus globiferus extract administration indicated an anti-inflammatory activity of the extract expressing through certain phenolic compounds acting by inhibition of the release and/or the activation pathway of histamine, prostaglandins and proinflammatory cytokines implicated in the inflammation [30, 31] . A clinical sign of RA is anemia due to Tumor Necrosis Factor-α (TNF-α), interferon γ (INF γ) and interleukin-1 (IL-1) activity,that act by inhibition of the Colony-Forming UnitErythrocytic (CFU-E) and, the biological activity of erythropoietin resulting in hypochromic anemia [32, 33] . The antianemic effect of the T. globiferus extract could result from alkaloids and tannins activity which provoke a reduction in TNF-α and IFN-γ plasma level [34] , while the tannins induce a downregulation of TNF-α [35] . The increase in the white blood cells counts and leucocyte species (lymphocytes, monocytes and granulocytes) and platelets count recorded in the study, in CFA-induced arthritis is well described as a pathogenesis of rheumatoid arthritis [36] . The mechanism of pathogenesis include an increase of the production in free radicals by the interleukins-activated granulocytes [37] . A significant decrease in leucocytes count obtained after plant extract treatment, could express an immunomodulatory activity of tannins and flavonoids that are able to scavenge body from reactive oxygen species [34, 35, 38] .
The increase in platelet counts observed during RA could be due to the production of inflammatory cytokines such as IL-1, IL-6 and TNF [39] . Treatment with T. globiferus extract resulted in a significant decrease in platelet counts suggesting its involvement in downregulation of IL-1 and TNF-α across tannins content [35] .
The transaminase activity (AST, ALT), alkaline phosphatase (ALP) and serum creatinine concentration measurement are a targeted tools to assess antiarthritic activity of promissing drug [40, 41] . The significant increase in the activity of these enzymes (AST, ALT and ALP) and creatinine concentration observed in animals with arthritis demonstrates the destroyed effects of CFA in liver cells expressing by significant release of transaminases and ALP, in kidney by renal cells necrosis that result in to glomerular filtration impairment [42, 43] and in bone which involves localized bone loss in form of periarticular erosion and osteopenia, as the enzyme released into the circulation during bone formation and resorption [37] . CFA-induced arthritis is associated with release of inflammatory mediators such as superoxide and hydrogen peroxide produced by activated leucocytes. Those free radicals cause cellular disruption through peroxidation of membrane lipids [44] . Activated oxygen intermediates together with secondarily formed hydroxyl radicals (HO • ) damage lipids membrane, proteins and cartilage [45] . In the present study, these observations were supported by the significant increase of malondialdehyde (MDA) in the liver, kidney and joint in CFA control group. The enhancement in MDA levels suggests an increase in lipid peroxidation leading to the destruction of organs. The reduction in antioxidant defenses (superoxide dismutase (SOD), catalase (CAT) and reduced glutathione (GSH)) could be a consequence of their neutralizing effects to reactive oxygen species (ROS) [46] . The administration of T. globiferus extract whatever the dose has prevented the decrease in these enzymes, suggesting the antioxidant property of the extract. Thus, the extract could be able to protect organs against free radicals and/or trap them after their generation, restoring the balance prooxidant/antioxidant [47] . Flavonoids through their ability to trap free radicals [46] , as well as the regulatory function of tannins [35] and alkaloids [34] on proinflammatory cytokines would be responsible for the hepatoprotective, nephroprotective and osteoprotective effects of the aqueous extract of T. globiferus.
In our study, CFA-induced arthritis is associated with a significant increase in the paw volume of the arthritic rats compared to the normal which showed impairment in the joint structure with degenerate chondrocytes, cartilage inflammation and prominent leucocytic inflammatory cells as observed in the micrography of the tibiotarsal joint of arthritic animals. AETG administration to arthritic rats showed significant reduction in the paw inflammation with an architecture close to the normal rat at the extract dose of 100 mg/kg. These results indicate anti-inflammatory property of the extract which could exert through the bioactive metabolites such as flavonoids, alkaloids, and tannins present in the T. globiferus extract with antioxidant and immunomodulatory activity. In addition to free radical scavenging activity, flavonoids are involved in the effective reduction of NO (nitric oxide), TNF-α [46] and have immunomodulatory role [38] . Alkaloids act by reducing plasma levels of TNF-α, interferon-γ (IFN-γ) (macrophage activator) and NO [34] . Tannins are responsible for downregulation in TNF-α and IL-6, which mediate the recruitment of immune cells and stimulate the increase of ROS [35] . Thus these groups of compound act synergically to counteract CFA-induced adverse effets.
Finally, the acute toxicity study of the aqueous extract of T. globiferus revealed no signs of toxicity or death in animals after 14 days of experimentation at the dose of 5000 mg/kg, suggesting that the lethal dose 50 (LD50) of the extract is greater than 5000 mg/kg with classification as less or not toxic substance according to the Globally Harmonized Classification System (GHS) [18] . This result was also reported by Abubakar et al. [11] showing that the LD50 of the aqueous extract of T. globiferus is greater than 5000 mg/kg in chicks and mice.
CONCLUSION
The general objective of this study was to evaluate the anti-arthritic activity of the aqueous extract of Tapinanthus globiferus leaves on rheumatoid arthritis induced in female Wistar rats by complete Freund's adjuvant. Oral daily administration extract for 10 days reduced edema of the animal's paw, protected from anemia, leukocytosis, hypercreatininemia and hyperactivity of transaminases (AST and ALT), restored the antioxidant status and also protected against architectural damage at the joint level. These results showed that the extract would have anti-inflammatory, immunomodulatory, antioxidant, osteoprotective and hepato-nephroprotective properties, which would be due to bioactive metabolites such as alkaloids, flavonoids, polyphenols and tannins present in the extract. The LD50 of the extract is greater than 5000 mg/kg. These beneficial properties of the extract observed in the present study justify the traditional use of aqueous extract of T. globiferus leaves in the treatment of rheumatoid arthritis.
